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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS

P. O. BOX 631
VICKSBURG, MISSISSIPPI 39180

IN REPLY REFER TO: WESYV 5 December 1977

SUBJECT: Transmittal of Technical Report D-77-28

TO: All Report Recipients

1. The technical report transmitted herewith represents the results of
one of the research efforts (work units) under Task 4A (Marsh Develop-
ment) of the Corps of Engineers' Dredged Material Research Program
(DMRP). Task 4A is a part of the Habitat Development Project of the
DMRP and is concerned with developing, testing, and evaluating the
environmental, economic, and engineering feasibility of using dredged
material as a substrate for marsh development.

2. An intensive study of the underground portion of selected salt marsh
species was conducted under Work Unit 4A04A2. The purpose of this
research was to describe the characteristics of natural marsh substrates
and to define the interactions between marsh plant growth and each
characteristic of the substrate. The most useful combination of param-
eters for predicting marsh plant success was found to be soil texture,
pH, salinity, and total nitrogen. Criteria for determining when the
soil conditions in a man-made marsh approximate those of natural marshes
have also been included in this report.

3. This work unit is one of several research efforts designed by the
DMRP to document marsh productivity and the factors which influence that
productivity. Closely related work units are 4A04Al1 and 4A04B, which
address the productivity of minor marsh species along the Atlantic and
Gulf coasts, respectively; 4A04, in which a simulation model to predict
salt marsh productivity was developed; and 4A20, a less intensive effort
that will provide a general evaluation of salt marsh productivity on the
Pacific coast of the United States. Additional supportive and comparative
data will be forthcoming with the final analysis of the results of field
studies at Windmill Point, Virginia, (4Al1); Buttermilk Sound, Georgia,
(4A12); Apalachicola, Florida, (4A19); Bolivar Peninsula, Texas, (4Al3);
Pond No. 3, California, (4A18); and Miller Sands, Oregon, (4B05).
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Together these research products provide the Corps with a comprehensive

basis for sound management decisions regarding habitat development on
dredged material and disposal in natural marsh habitats.
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Colonel, Corps of Engineers
Commander and Director
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EXECUTIVE SUMMARY

This report summarizes work done on the dynamics of the underground
portion of some of the salt marsh plants along the Atlantic coast of the
United States, the characterization of soils in those plant stands, and
experiments on the substrate selective properties of several of the
plants.

The underground biomass profiles and dynamics study (Part I1) in-
volved year-long sampling programs in 18 stands of salt marsh plants
in Georgia, Delaware, and Maine. Cores of the marsh were taken at
monthly or bimonthly intervals and the cores sectioned into depth pro-
files (0-5 cm, 5-10 cm, 10-15 cm, 15-35 cm, and 35-55 cm for some plants)
and the macro-organic matter (MOM - organic matter not passing a l-mm
sieve) separated by washing on a 1-mm sieve. THe MOM was dried and
profiles and seasonal curves plotted from these data. Three types of
profiles were found in the marshes. |In the first the concentration
of MOM was uniform with depth; the notable example of this type was

creekbank Spartina alterniflora in the southern part of the coast. A

second type had a high concentration at the surface which dropped with

depth. Most species exhibited this type of profile. Spartina patens,

S. alterniflora from the high marsh along the southern coast, and creek-

bank S. alterniflora from the northern range (Maine) are examples.

The third type was seen where a large rhizome mat developed at 15-20 cm
below the surface. This type of profile had a relatively low biomass

at the surface, a higher biomass somewhat below the surface, and



a low concentration below that. Spartina cynosuroides and Phragmites

communis were typical examples. The information on the types of pro-
files present in the natural marsh will be useful in determining when
the natural profile shapes and MOM concentrations have been achieved
in marshes formed on dredged material. Since the underground MOM is
important in stabilizing the dredged material, supplying microbes
with organic and inorganic nutrients, and thus requlating nutrient ex-
change between the soil and the overlying water, achievement of the
"matural situation" is of prime importance in marsh-creation projects.
The annual highs and lows of MOM biomass were used to calculate
an annual increment, which can be considered a minimum annual produc-
tion value. The values ranged from a low of 80 g C/m2 for creekhead

S. alterniflora in Maine to a high of 1690 g C/m2 for Juncus gerardi

in Maine. The mean for all stands measured was 654 g C/mz. Since
the average carbon content of the MOM was 35.3%, this corresponds to
1852 g dry weight/m2 per year which is comparable to the usually re-
ported aerial production for marsh macrophytes. The plants are there-
fore allocating a major portion of the photosynthate to the underground
portion of the plant and the food web dominated by meiobenthic animals
and soil microbes. The latter group is particularly important in
determining the cycling concentrates in the water flowing over marshes.
As a measure of the relative activity of the total pool of macro-
organic material in the soil, a turnover time was calculated by divid~
ing the total macro-organic matter by the annual increment. While

there are at least several pools with turnover times varying from days



to centuries, the overall turnover gives a measure which can be used
to estimate production when the quantity of macro-organic matter is
known but there is no time for a yearlong study. The turnover time
ranged from 18 months in two Georgia plant stands to 224 months for
one in Maine. In the two instances where Maine values for a species
could be compared to those from Georgia, the turnover time was less
for the more southerly station. This probably reflected the slower
microbial decay rates in the cooler climate. Thus most elements are
bound to large particles of organic matter in the lower temperature
climate. In Georgia and Maine where the turnover values for a single
species were determined for two elevations, the time was less for the
lower elevation. This probably resulted from greater microbial activ~
ity associated with more rapid flushing rates of water through the
creekbank soils. The mineral composition of the underground portions
of the plants is presented in Part |l and Appendix B. This informa-
tion can be used to determine if a planted marsh has the same elemen-
tal composition as a natural one.

Part IIl of the report describes soil profiles in plant stands
in marshes in Georgia, Delaware, and Maine. These descriptions give
data which are useful in classifying soils associated with various
marsh plants along the Atlantic coast and would be useful in evalua-
ting to what extent a marsh developed on dredged material resembles
a natural marsh.

In addition to the field descriptions, data are presented which

describe the physical and chemical aspects of the various horizons.



The most important of these for predicting the success dredged
material would have in supporting a given plant are the salinity
characteristics (salinity, desalination index), pH properties (pH in
situ, pH in water, and pH in buffer), and total nitrogen (N) which

can be obtained either directly or by correlation with C content.

Also presented are data on leachable ions. These ionic data were
obtained on dried soils rather than those kept moist and under
anaerobic conditions. This was done although the anaerobic moist
condition represents the natural condition under which these soils
exist. The authors feel that the extractions under any conditions

do not represent the actual conditions to which roots are exposed.
Because roots are continually removing nutrients, the flux rate rather
than the pool size measured by extraction is the most important factor
to consider. Additionally, no chemical extraction can duplicate the
roots' capability to remove nutrients. Further, it is doubted that
District Engineers would have facilities to take and ship soil samples
under anaerobic conditions and have labs available to analyze them
under those conditions; therefore, the soils were handled as typically
done by agriculture researchers. District Engineers will be able to
handle dredged material in this fashion and have it analyzed in local
state college agriculfural experiment stations. The success agricul-
ture researchers have had in predicting yields and making recommen-
dations regarding species success and advising fertilizer and |ime
requirements has been based on correlations between soils tests and

field experiences rather than absolute tTidal concentration of



nutrients. |In this study, data collection was begun for eventual
prediction capability. The data represent natural soils and three
widely differing types of dredged material from Georgia.

Part IV reports on the response of marsh plant stands to a pulse

of nitrogen. In Georgia, Salicornia virginica and S. alterniflora

responded to a 150 kg/ha pulse of N (as NH,NO ) by an increase in bio-

3

mass. Although no biomass change was noted, the Sporobolus virginicus

plants were higher in nitrogen than the control plants. Borrichia
frutescens had a higher chlorophyll concentration, although no other

response was detected in stands of Distichlis spicata, S. cynosuroides,

or S. patens. In Delaware a positive biomass response was obtained in
stands of J. gerardi and S. virginica. Although no biomass differences
were measured, the treated D. spicata plants were significantly higher
in chlorophyll than were the control plants. None of the plant stands
in Maine responded to added N. This might be expected in view of the
high levels of extractable NHh found in the soil (Part Il!). No dif-
ferences in ability to remove N from various application depths to

35 cm were noted.

Part V of this report deals with tests of marsh plant growth on
three types of dredged material in the greenhouse and in field test
sites. Specific recommendations regarding the growth of species or sub-
strates tested are given in this section. The synthesis of this and the
previous section is that it is not possible with the present state of
knowledge to predict with high probability the success of a specific plant

on a specific dredged material in a specific salinity and in a specific



tidal inundation regime. Therefore, a bioassay is proposed to be
made by District Engineers using a series of modified buckets to
check plant performance at specific sites prior to attempting marsh
establishment on dredged material.

Part VI deals with bioassay techniques designed to assess root
growth in specific dredged material: The method is presented as are
specific results of several experiments. In a test with a freshwater
plant (Eleocharis obtusa), the best growth was in a sandy dredged
material of low salinity. Approximately 1/3 as much growth occurred
in two freshwater muds. Growth in a saline sand, a saline silty clay,
and a brackish mixture of sand and silty clay produced only 1/7 the
growth obtained with low salinity sand.

Spartina patens root growth is enhanced when whole plants are

grown under cooler rather than warmer environmental conditions.

Spartina patens and S. alterniflora root growth did not differ under

drained or saturated conditions when a sand substrate was used. Equal
growth was obtained with either 10 or 20%, salinity. Growth in natu-
ral soil was 6-12 times greater than in the sandy saline dredged mate-
rial tested. When the soil temperature was lowered while air tempera-

ture remained high, three species of Spartina (S. alterniflora, S.

bakeri, and S. patens) showed reduced aerial and underground growth.
This indicates the increased root growth at low temperatures seen in
two earlier experiments where whole plants were subjected to the tem-
perature differences was either a whole plant effect or an effect on

the shoots alone.



In drawing conclusions and recommendations from these studies,
there appear to be five substrate problems which should be considered
when planning to create a salt marsh.

1. Stability. Two factors are important here: exposure to
wave action and dredged material texture. Although this
problem was not addressed directly in this study, some of
the results are pertinent. The development of a large
root underground system (roots and rhizome) is important.
Particularly effective in this respect are S. patens, D.

spicata, and S. virginicus.

2. pH characteristics. Basic to this problem is the cat clay
characteristic of soils containing sulfides. In this
situation, reduced forms of sulfur oxidize when the sedi-
ment is exposed to air and the resulting strong acid
causes a sharp drop in pH. Examination of pH in situ,
pH after drying, and pH in buffer can be used to predict
the probable extent of cat clay development.

3. Salinity characteristics. Coupled with salinity tolerance
is drought tolerance. In salt marshes, drought conditions
are almost always coupled with high salinity situations.
| f dredged material is placed in subtidal areas, the
drought and salinity conditions can be regulated by the
final elevations of the created island. In cases where
dredged material is placed on existing marsh, salinity and
drought conditions will often be accentuated because of the
high elevation. The plants found to be most tolerant of
these conditions are S. patens, D. spicata, S. virginicus,

and S. virginica.

L, Elevation (balance of air and water). The elevation
factor is complex, involving salinity and pH characteris-
tics as well as other factors. Since dredged material
placed low in the intertidal range will be inundated more
frequently and for longer periods than that placed near
the upper boundary of the tides! influence, different soil
characteristics will develop along the gradient. Soil pH
will usually be lower in the upper zone because of oxida-
tion of sulfur forms in the better drained soils. The pH
drop may be dramatic and prevent plant growth with certain
collections of sulfur ion species. Salinity will be more
stable where tidal water frequently flushes the soil. In
the upper reaches, evapotranspiration will tend to concen-
trate salt and fluctuations will be too great for many
species to tolerate. Soil structure may also be influenced




by salt accumulation resulting in the reduced percolation
of rainwater. The authors believe the best evaluation of
this complex factor can be made by a bioassay on the site.
5. Nutrients. As with many ecosystems, N seems to be a key
element. Only in sandy dredged material does it seem
probable that N will be the limiting factor to the growth
of the plants.
When dredged material containing contaminants such as heavy
metals and pesticides is used for marsh development, the depth to
which roots penetrate the substrate must be considered. The studies

reported herein show that S. virginica and S. virginicus are shallow-

rooted plants (< 35 cm); S. alterniflora at high elevations, D.

spicata, and S. patens are medium in rooting depth (35-55 cm); and

S. alterniflora plants at low elevations, J. roemerianus, and P.

communis are deep-rooted (> 55 cm).
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UNDERGROUND BIOMASS DYNAMICS AND SUBSTRATE SELECTIVE

PROPERTIES OF ATLANTIC COASTAL SALT MARSH PLANTS

PART [: INTRODUCTION

Among the important considerations in planning the development of a

salt marsh on dredged material is the substrate selective properties of

the prospective species to be planted. A number of questions arise:

1.

2.

5.
6.

What are the characteristics of the dredged material?

How do these characteristics change when the dredged material
is placed at various elevations in the intertidal zone?

How do the predicted substrate conditions correlate with those
found in the soils supporting natural stands of species being
considered for planting on the site?

Based on root system dynamics in natural marshes, what would
be a minimum estimate of root system productivity in natural
dredged material marshes?

Which marsh plants will form dense root mats?

What rooting depth is characteristic of the various plants?

The approach to answering the questions about the substrate selec-~

tive properties of the plants was to:

1.

Characterize the natural underground productivity and organic
matter deposition system by examining the dynamics of the
underground macro-organic matter in natural stands of marsh

plants in Georgia, Delaware, and Maine. Methods were developed
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which would enable others to conduct similar evaluations on
marsh species not included in this study. The results of
these studies are detailed in Part Il of this report.
Characterize the natural soil systems under which the marsh
plants in Georgia, Delaware, and Maine grow. Methods were
selected which could be followed by District Engineers in
these local situations. This study was intended as a begin-
ning of a data set, which would allow correlation of marsh
soil and dredged material parameters with observed plant estab-
Tishment success and productivity measurement. These initial
studies are summarized in Part 1l] of this report.

Since high marsh S. alterniflora responded to added nitrogen

in Delaware, North Carolina, and Georgia, it was hypothesized
that the productivity of these and other marsh plants may be
enhanced at various sites along the coast. These results give
an indication of the nutritional state of the natural plants
on soils with certain nutrient characteristics. This informa-
tion will be valuable in predicting the probable response of
the plants to fertilizer added to plants being established on
dredged material. Part IV of this report contains the results
of a study of plant stands along the western coast of the
Atlantic Ocean.

There are many types of dredged material, many species of
plants, and even more sets of environmental conditions under

which they may be placed. Since it was not practical to test



all combinations, it was felt that bioassay procedures should
be developed for growing plants on a variety of dredged mate-
rial under various conditions. Both a field and a laboratory
bioassay test were developed and tested which are described
in Parts V and VI of this report. |In addition to the method-
ology, these sections report on several practical problems

that were examined using dredged material from five sites.
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PART 1l: UNDERGROUND BIOMASS PROFILES AND DYNAMICS
IN ATLANTIC COASTAL MARSHES

Introduction

Many studies of aerial plant parts have been reported in the
literature, but the dynamics of the underground portions of salt marsh
plants have received little attention. Most of the fixed carbon re-
serves of salt marshes are, however, in the soils (Gallagher, 1974;
Valiela et al., 1976). Almost all of the macro-organic matter (re-
tained on a 1-mm sieve) in Georgia salt marshes is identifiable as
root, rhizome, or stem base material.

The dynamics of the macro-organic matter (MOM) pool is the net
result of numerous processes. Those which add to the pool are root,
rhizome, and stem base growth, as well as storage of photosynthate.
Translocation to aerial structures, physical disintegration, and
microbial decay remove material from the pool. The study was de-
signed to examine the dynamics of the MOM carbon pool in salt marshes
along the eastern coast of the United States. This knowledge is im-
portant to understanding soil development and stability, microbial
dynamics, and ecosystem energetics in the various marsh types along
the latitudinal gradient. Knowledge of the underground biomass in
these natural marshes can act as a guide to evaluating the maturity

of a developing marsh on natural substrate or dredged material.
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Methods

A sampling program,described in Table 1, was conducted from March
1972 to April 1975. Study sites were chosen in Georgia, Delaware, and
Maine since they represented the extremes and a central location where
marshes are abundant along the United States Atlantic coast. The ac-
cessibility of the marsh and availability of laboratory facilities
were of secondary consideration in choosing site locations. In Georgia,
areas near the University of Georgia Marine Institute were selected.

Spartina cynosuroides was sampled on a small island near the mouth of

the Altamaha River where water salinity was usually less than 39%,.

Borrichia frutescens, Distichlis spicata, lva frutescens, Spartina

patens, and Sporobolus virginicus were sampled in marshes developed

along creeks behind the dune complex on the eastern side of Sapelo

Istand. Spartina alternifliora, Juncus roemerianus, and Salicornia

virginica were studied in the Duplin River Estuary on the western side
of Sapelo Island. A1l of the plants in Delaware were sampled in
Canary Creek Marsh near Roosevelt Inlet in Lewes, Delaware. The Maine

study sites were in Franklin County. Juncus gerardi and creekbank S.

alterniflora were collected along Northeast Creek west of Salisbury

Cove, and S. patens and creekhead S. alterniflora were sampled in

marshes on the south side of Hoy Bay near its head.

Samples were collected and processed for macro-organic matter con-
tent by the methods described by Gallagher (1974). An aluminum coring
device was used to collect underground organic matter samples, which

were washed free of the mineral and micro-organic matter over a l-mm
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Table 1

Underground Biomass Sampling Program in Atlantic

Coastal Marshes of the United States

Sampling
Location and Number Intervals
Plant Sampling Period of Cores (wks.)
Borrichia frutescens GA(8/73-9/74) 5 8
Distichlis spicata GA(8/73-9/74) 5 8
DL(8/73-9/74) 5 8
Juncus gerardi DL(8/73-9/7k) 5 8
ME(6,8,9/74;4/75) 5 8
Juncus roemerianus GA(3/72-3/73) 6 4
Phragmites communis DL(10/73-9/74) 3+3%% 8
Salicornia virginica GA(8/73-9/74) 5 8
DL(10/73-12/74) 5 8
Spartina cynosuroides GA(10/73-1/75) 343k 8
Spartina alterniflora
Creekbank GA(3/72-2/73) 6 b
ME(6,8,9/74;4/75) 5 8
Creekhead ME(6,8,9/74;L4/75) 5 8
High marsh GA(3/72-2/73) 6 b
Spartina patens GA(8/73-9/74) 5 8
DL(9/74-8/75) 5 8
ME(6,8,9/74;4/75)
Sporobolus virginicus GA(10/73-11/7k) 5 8

Phragmites communis is a commonly accepted name for the common reed
and appears throughout many current literary works, however, the
U. S. National Herbarium has recently accepted P. australis as the
proper name for this grass (Personal Communication, 2 August 1977,
Dr. Thomas R. Soderstrom, Agrestologist, Dept. of Botany, Smithsonian
Institute, Washington, D. C.).

3 cores taken over stems and 3 between stems.
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sieve with water. Samples dried at 60°C were ground to pass a 40-mesh
sieve and analyzed for carbon content with a Leco WR12 Carbon Deter-

minator. Nitrogen was determined by the Kjeldahl method and P, K, Mg,
Ca, Mn, and Fe were assayed by spark emission spectrometry (Jones and

Warner, 1969).

Results and Discussion

Macro-organic Matter Profiles

Macro-organic matter profiles in the marshes were of three shapes
(Figure 1). In the first type, the concentration was relatively uni-
form with depth. Macro-organic matter concentration was highest at the
surface and decreased with depth in the second type. The third type
had a relatively low concentration near the surface, the highest con-
centration somewhat below the surface, and low concentrations at
greater depth. The marsh types exhibiting the three profile types
are listed in Table 2.

Biological, physical, and chemical factors influence the shape
and MOM concentrations in the profiles. Plant stem growth has both
an input and an output role. When stems are initiated from rhizomes,
they can increase the underground biomass, assuming some of the input
is coming from current photosynthesis and not exclusively from long-
term stored material in rhizomes. Work by Hull et al. (1972) indi-
cates the former is likely. Once the young stems break the soil, any
translocation to aerial tissue represents an output. Root and rhizome

production have only an input role. Type | profiles were present
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Three Types of Macro-organic Matter Profiles
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Table 2
Macro-organic Matter Profile Types Exhibited by Various Marsh Plants

at Three Areas of Eastern Coastal Marshes of the United States

Location*

Plant Georgia Delaware Maine
Borrichia frutescens 2 - -
Distichlis spicata 2 3 -
Juncus gerardi - 2 2
Juncus roemerianus 2 - -
Phragmi tes communis - 3 -
Salicornia virginica 2 2 -
Spartina cynosuroides 2 - -

Spartina alterniflora

Creekbank 1 - 3
C reekhead - - 1
High marsh 2 - -
Spartina patens 2 2 2
Sporobolus virginicus 2 - -

¥ Numbers correspond to type of profile shown in Figure |.
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where root-shoot ratios were low. In Type 2 profiles, most of the
living roots and rhizomes were concentrated within the top 10 cm,
whereas in Type 3 profiles, a thick rhizome mat is located 10-20 cm
below the surface.

Except in unusual circumstances, the shape of the profiles is
dependent primarily on plant species. In Georgia a natural S. alter-
niflora marsh forming on a protected sand beach developed the typical
Type 2 profile in 2 years. Although the concentration of MOM was
somewhat lower than in older adjacent marshes, the shape of the pro-
file was the same. Similar results were obtained with S. virginicus
which developed its typical Type 2 profile within 18 months after
being planted on 3 types of dredged material in Georgia.

The major departure from a single profile type for a single

species was seen with S. alterniflora, which grew in a wider range

of sites both latitudinally and at various habitats at a single

latitude. In Georgia the creekbank S. alterniflora has a Type 1 pro-

file while that growing further north has a Type 2. Current evidence
is that these differences are environmental rather than genetic. The
deeper rooting pattern may be due to better water movement in the
creekbank soils (0Odum and Riedeburg, 1976). The higher salinity of
the soils in the high marsh (35-409%, compared to 20-289%, on the creek
bank) may restrict the roots to the upper zone where rainfall and
tidal water keep the salinities lowest. Haines and Dunn (1976) have
reported a reduction in root growth associated with higher salinity

media.
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When apparent anomalies occur, the historical aspect of the
development of the marsh may be important in determining the type of
profile found. Fox example, the typical S. virginica stands in Dela-
ware had Type 2 profiles, but one stand was cored which had a Type 1.
By examining the MOM and the soil, it was found that the site had

been a S. alterniflora marsh on which a thin layer of dredged material

had been deposited. This latter substrate was the site for the S.
virginica development. The S. virginica root system provided the total

input of MOM in the upper 15 cm and the smothered S. alternifliora that

for the next 20 cm; these two superimposed Type 2 profiles produced a
Type 1 profile.

Although the concentration of macro-organic matter changed during
the year, the shape of the profiles did not change significantly in
most cases (Figure 2). The major shift was from a Type 2 profile
toward a Type 1| as the macro~organic matter in the upper portion of
the profile decayed. Since all stands were sampled at 8-week inter-
vals, it was possible to plot an annual cycle for each species. In
some stands of marsh plants, clear smooth annual cycles in macro-
organic matter were measured (Figure 3) while in others the cycle was
less clear (Figure 4). 1In most stands the culm density was high
enough that the cores were large enough to produce means with satis-

factory variability. |In the stands of S. cynosuroides and Phragmites

communis, random samples gave very variable results and collection
procedures were modified to remove a pair of cores at randomly select-

ed points. One core was removed from directly over a cut stem base
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while the other member of the pair was taken from between the stem
bases. The annual cycle of these two areas within the stand of S.

cynosuroides is illustrated in Figure 5. Data for each sampling date

for the various plant stands are found in Appendix A,

Annual Increment of Macro-organic Matter

These cycles were used to calculate an annual increment of macro-
organic matter for each stand. The maximum was taken as the mean of
the several highest readings and the minimum as the mean of the several
points from the low part of the cycle. This method had the effect of
minimizing the increment. Furthermore, the points used in calculating
a mean were not statistically significantly different from one another.

The carbon contents of the underground biomass in the various
marsh plant stands are shown in Table 3 and were used to convert the
dry weight data to a carbon base. No seasonal differences in carbon
content were detected and all measurements were pooled for each stand.
The results of the annual increment calculations are summarized in
Table 4. These values may be taken as minimum underground production
figures. They err on the low side because the underground parts die
and decay during the growing season. Total production for the species
cannot be obtained by adding the underground production to aerial pro-
duction since translocation between the underground and aerial parts
of the plants will result in the same photosynthate being counted
twice. The total minimum production estimate must be based on total
maximum and minimum biomass data obtained from a simultaneous aerial

and underground sampling program.
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Table 3
Carbon Content (g C/mz) of the Underground Biomass

in Stands of Salt Marsh Plants

Georgia Delaware Maine
Species X__ SE_ N_ X SE N X SE_ N_
Borrichia frutescens 39.2 1.4 7 -- --
Distichlis spicata 39.3 2.5 14 39.7 0.8 43 -—
Juncus gerardi -- 39.4 0.9 29 33.4 1.1 20
Juncus roemerianus 39.9 -- --
Phragmi tes communis - 37.0 1.2 27 --
Salicornia virginica 32.4 1.0 11 37.0 1.8 16 --
Spartina cynosuroides 36.5 0.9 25 - -~
Spartina alterniflora
C reekbank 36.5 - 36.6 0.7 20
Creekhead - -- 39.5 3.8 9
High marsh 38.1 -- --
Spartina patens 38.8 1.2 8 31.8 2.6 12 Lo.6 0.4 20
Sporobolus virginicus 38.0 2.6 11 - -

X = arithmetic mean, SE = standard error of the mean, N = number of samples.
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Table L

Annual Increment and Turnover Times of the Underground

Macro-organic Matter in Stands of Salt Marsh Plants

Annual Increment Turnover Time
(g C/m?) (months)
Plant G D M G D M

Spartina alterniflora

Creekbank 771 - 476 18.5 - 118.8

Creekhead - - 80 - - 224 .4

High marsh 768 - - 57.1 - -
Spartina patens 117 149 220 67.8 91.6 91.6
Spartina cynosuroides 1304 - - 28.0 - -
Sporobolus virginicus 221 - - 33.9 - -
Distichlis spicata L2L 1348 - Lo.6 39.5 -
Phragmites communis - 1338 - - 27.4 -
Juncus gerardi - 1686 543 - 22.1 L45.6
Juncus roemerianus 1338 - - LL .0 - -
Salicornia virginica 142 528 - 26.4 24,5 -
Borrichia frutescens 321 - - 18.4 - -
G = Georgia, D = Delaware, M = Maine.
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The time to turn over the total macro~organic matter pool in the
soil was calculated by dividing the increment into the maximum biomass.
This total pool is no doubt composed of several sub-pools with differ=
ent turnover times, with the most rapid turnover in a matter of days

and the most refractory taking centuries.

In Georgia stands of S. alterniflora, the creekbank and high marsh

had equal annual increments but the turnover time was much more rapid
in the creekbank area due to the threefold greater quantity of MOM in
the high marsh. 1in comparing the Georgia creekbank with a similar
site in Maine, the increment was found to be about 60% of the Georgia
stand while the turnover time was 6 times longer in the cooler area.
On the other hand, the annual increment of S. patens increased with
latitude. This might be expected since S. patens is a much more im-
portant component of the marsh flora at the higher latitudes. Simi-
larly, D. spicata,whose annual increment increased with latitude,is
more prevalent in the Delaware marsh than in Georgia.

These data indicate that the dynamics of the underground macro-
organic matter is as great or often greater than the aerial dynamics.
The factors regulating the translocation of photosynthate to the under-
ground pool and the dispersion of this stored carbon either back to
the aerial parts of the plant or to the soil detritus food web are of
immense consequence to the salt marsh ecosystem and are now the sub-

Ject of this research.
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Mineral Composition

The mineral composition of the underground macro-organic matter
was typified by the D. spicata data shown in Table 5. Data on the
mineral composition of other species are found in Appendix B. Nitro-
gen, phosphorus, and potassium all decreased with depth. The deeper
samples appeared to contain more dead material and hence would be
expected to have lower quantities of the macronutrients. Nitrogen,
for example, will likely be conserved and removed from the dying
tissue. Since the potassium is not bound to compounds in the plants
but exists as a free ion, it will leach quickly when the integrity
of the membranes is lost as the cells senesce. No particular pattern
was seen for Ca, Mg, Mn, or C; but a pattern similar to that for N,
P, and K was observed for Zn.

When the quantity of N bound in the MOM was compared along the
latitudinal gradient using June harvest data, the highest quantity
was found at the most northerly sites in 4 of the 5 cases studied
(Table 6). In all cases the C:N ratio decreased with increasing
latitude. The mean areal nitrogen content for the underground MOM
for all the species studied was 65.4 g N/m2 with a coefficient of
variation of 70. The mean C:N ratio for the same species was 35.5
with a coefficient of variation of only 19. Thus the relative amount
of N to the € present is more consistent from one plant stand to

another than is the absolute amount of N.
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G rams N/m2 to a Depth of 35 cm and C:N Ratios of

Table 6

Underground Macro-organic Matter from Stands of Marsh Plants

Plant

Borrichia frutescens

Distichlis spicata

Juncus gerardi

Juncus roemerianus

Phragmi tes communis

Salicornia virginica

Spartina cynosuroides

Spartina alterniflora

Spartina patens

Sporobolus virginicus

Location

GA

GA
DL

DL
ME

GA

DL

GA
DL

GA

GA%

MEt
GA
DL
ME

GA

g N/m2

12

Ll
156

9L
68

123
83

12
L1

70

98
129

1h

27
61

15

=

39

33
28

33
30

40
37

27
26

41

38
32

48
L5
29

L2

% High marsh.
+ Creekbank.
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PART 111: COMPARISON OF SOME TIDAL MARSH SOILS
ALONG THE ATLANTIC COAST

Introduction

Interest in salt marsh soils has increased since the value of marshes
as natural resources and as their potential for development has been
realized. Concern has developed about how to restore damaged marshes or
create new marsh areas to replace those destroyed by development and
poliution. The U. S. Army Corps of Engineers has taken the initiative in
creating marshes on dredged material. A knowledge of the properties of
marsh soils is necessary for two reasons. First, the description of marsh
soils is useful in order to predict the soil requirements for various
plants. Second, the information enables the scientist to tell how far a
newly established marsh has progressed toward the conditions of a natural
marsh.

The soil descriptions included in this report cover a wide range of
situations from Maine to Georgia. They were selected because they were
believed to bracket all of the types which might be encountered along the

east coast of the United States.

Methods

The approach in this study was to make field descriptions on the
sites by either working from the faces of large walk-in pits or with
shovel samples removed from small (0.5 mz) pits. The former technique

was used in the better drained and firmer substrates while the latter

Lo



was used in areas where the water table was near the surface or the sub-
strate was not firm enough to support the wall.

Bulk density was obtained using a series of short cores so that
compaction would not be a problem (Gallagher, 1974). In situ pH was
obtained by placing the probe directly in the moist soil.

Soil samples were removed from each of the horizons and returned to
the laboratory where they were freeze-dried and ground in a Wiley mill
until they passed a 40-mesh sieve. In addition to the soils collected
at the study sites, three types of dredged material were collected and
analyzed in the same way as the soils. All materials were collected
from near the low tide elevation and are thus more characteristic of
the fresh dredged material than that piled high in the intertidal zone.
A1l samples were taken from dredged material placed at the site less
than 90 days earlier. The silt and clay material was collected from a
site 300 meters north of the drawbridge leading to Jekyll lIsland on the
western side of the Inland Waterway. The sand substrate was collected
from the eastern side of Buttermilk Sound on the site which was subse-
quently to be a marsh-creation site developed by the Dredged Material
Research Program (DMRP). The third was a sand and clay mixture collected
from the north side of the Darien River where it intersects with May
Hall Creek.

Salinity characteristics were measured by putting 100 grams of soil
on No. 54 Whatman filter paper in a funnel and leaching it with successive
50-ml volumes of distilled water. Each leachate salinity was measured and
the leachate saved. When the salinity of the last leachate increment was

zero, the total amount of water was called the leaching volume. The soil

i1



salinity was calculated from the salinity of the leachate and the volume
of the water collected. The leaching volume was divided by soil salinity
to give an index (desalination index) of the ease of removing the salt
from the soil.

The pH of the dried and oxidized soil was measured first in a 1:1
water:soil mixture (pr) and then after treatment with buffer solution
(pHB) as described by Adams and Evans (1962). Total N content was deter-
mined by Kjeldahl digestion (Bremner, 1965). A double acid extraction of
a soil sample was performed using HCl and HZSOL+ according to the methods
described by Nelson et al. (1953). The extract was analyzed for P, K, Ca,
and Mg according to the methods described by Isaac and Jones (1970).
Sodium, iron, and manganese were assayed by atomic absorption spectroscopy
(1saac and Kerber, 1971). Ammonium and nitrate nitrogen were measured
by the methods described by Bremner and Keeney (1966) and chloride by

potentiometric titration (Lacroix et al., 1970).

Results and Discussion

Soil Profiles and Structure

The profile descriptions for soils from Georgia, Delaware, and Maine
are shown in Appendix C. Colors were primarily blacks, grays, and greens
reflecting the waterlogged reduced nature of these soils. In Georgia and
Delaware the soils higher in the intertidal zone tended toward lighter
texture. Since these soils are inundated less frequently by silt and clay-
laden tidal water, deposition of finer grade sediments was less. The

coarse-grained sediments were loose with little evidence of ped formation.

L2



Similarly, the fine-grained sediments were massive and little structural
development occurred presumably because of the effects of the high sodium
content of the soil. |In the J. gerardi stand in Delaware, subangular
blocky peds were found.

Bulk density profiles for soils from the three states are shown in
Figures 6, 7, 8. The Georgia profiles were generally more uniform with
depth than were those from the other two states. Two groups could be

distinguished from the Georgia set. Salicornia virginica, S. patens, and

S. virginicus which developed on sandy substrate formed one group, while

B. frutescens, D. spicata, and S. cynosuroides which developed on sub-

strates composed primarily of silt and clay formed a second.

The much lower bulk densities generally measured at the surface in
Delaware and Maine reflect the greater peat development at these locations.
Slower decay rates and lower silt loads in the water are probably the
major factors responsible for these differences.

The in situ reaction of the soils varied from 8.8 in soil horizon
A1l in D. spicata in Georgia to 5.0 in soil horizon A22g in J. gerardi in
Maine (Appendix C).

The higher values are typical of those found in seawater. Most of
the values were close to pH 7.0 and much of the variation around that
+

. +
point may reflect the effects of the wetness of the soil on the Na , H,0

3

balance in the soil (Table 7). As the moisture increases the H 0% becomes

3

+ + . .
more abundant relative to the Na and more H30 is associated with the
cation exchange capacity (C.E.C.) sites in the soil. This condition

leaves relatively more OH in solution and the pH rises. In the cases

where the pH was found to be low, organic acids resulting from anaerobic
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Table 7
Effect of Soil-Water Ratio on the pH of

Spartina alterniflora Marsh Soils

Parts Soils Parts Water _pH
2 0 6.90
2 1 7.05
2 2 7.18
I 2 7.34
0 2 6.00

L7



decay may be responsible for the acidic condition. In none of the
cases where the pH was low did the soils appear well enough aerated

to have oxidized sulfides and thus exhibit the cat-clay phenomenon.

Salinity

The salinity characteristic of the soil (Table 8) is one of the
important properties determining which plants can thrive, or, in fact,
survive. The first characteristic which was measured was the salt con-
centration. These data indicate the salinity characteristic of the soil
on which the various marsh plants grow. These numbers do not, however,
reflect the salinity to which the plants are exposed since the moisture
content of the soil will cause the interstitial water salinity to vary
widely. Gallagher and Daiber (1974) reported interstitial water sali-
nities in a salt pan ranged from 34%, in the spring to 899, in the summer
Although the salinity on a dry weight basis does not indicate the con-
dition under which the plants might be growing at any given time, it is
a relatively conservative property which, when coupled with the moisture
content, will indicate the stress under which the plant will be placed.
The three types of dredged material from Georgia were widely different
in salinity, and hence the kinds of plants they might support would
depend on the moisture regime under which they might be placed
and the degree to which they were leached by rainfall or low
salinity tidal water. |In order to determine how readily the salt
could be removed, the soil was leached with increments of fresh water
until no more salts could be removed. This leaching volume was

divided by the salinity to give a desalination index. The higher the
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Table 8

Salinity Characteristics of Soil Horizons

from Several Stands of Marsh Plants

Salt
Leaching Desali-

Concen- Volume nation

Depth tration (m1) [ ndex

Species (cm) (%) (L) (D1)

GEORGIA

Borrichia frutescens 0-L 17 720 42
L.28 8 720 90
28-64 11 480 L
64-125 12 2L 20
Distichlis spicata 0-37 32 1200 38
37-100 18 880 L9
100-135+ 13 560 43
Salicornia virginica 0-7 16 320 20
7-32 21 2140 1
32-80 19 240 13
80-125 19 880 Le
Spartina cynosuroides 5-20 6 240 Lo
20-52 L 160 Lo
52-85 6 L80 80
Spartina patens 0-25 12 160 13
25-47 8 240 30
47-130 8 240 30
130+ 6 240 4o
Sporobolus virginicus 0-3 7 160 23
3-13 9 240 27
13-34 7 160 23
34-150+ 6 160 27
Dredged material silt & clay 148 2320 16
sand 1 20 20
sand & clay 9 160 18

(Continued)

LV

It

DI

Lo

leaching volume (LV)/soil salinity (%,).

volume (ml) of fresh water necessary to remove leachable
salts from 100 grams of soil



Table 8 (Continued)

Salt
Leaching Desali-
Concen=- Volume nation

Depth tration (m1) I ndex

Species (cm) (%) (Lv) (p1)

DELAWARE

Distichlis spicata 19-29 11 480 Lh
29-L45 9 400 Lly

Juncus gerardi 0-20 5 Loo 80
20~30 8 320 Lo

30-50 6 240 Lo

50-80 L 160 Lo

Phragmites communis 0-25 0 0

25-75 2 160 80

75+ L 240 60

Salicornia virginica 0-8 13 560 L3
8-53 6 240 Lo

53-70 6 240 Lo

Spartina patens 15-35 22 1120 51
35-65 20 960 L8

65-100+ 5 560 112

MAINE

Carex paleacea 0-23 L6 2240 Lg
23-L46 21 960 L6

L6-71 14 640 L6

71-97 9 880 98

Juncus gerardi 0-3 20 960 L8
3-8 16 720 Ly

15-25 3 240 80

25-30 8 320 Lo

30-43 3 240 80

43-89 L 320 80

89-114 L 320 80

(Continued)

50



Table 8 (Concluded)

Species

MAINE, continued

Spartina alterniflora

creekbank

Spartina alterniflora

high marsh

Spartina patens

Depth

fcm)

0-13
13-28
28-L1
L1-91

15-25
25-61
61-94

8-15
15-28
28-61

61-102

Salt
Leaching Desali-
Concen~ Volume nation
tration (m1) | ndex
(%) (LV) (D1)
67 2080 31
39 1120 29
[l 480 L
0 0 0
14 640 L6
16 800 50
18 800 Ly
57 2720 48
61 1920 31
Lo 2320 L8
25 1040 42
25 1200 43
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index the more difficult the salt was to remove. In the case of the
three types of dredged material, although the salinity was greatly dif-
ferent and leaching volume (LV) varied by 2 orders of magnitude, the
ease with which each unit of salinity was removed was similar. In con-
trast, in the B. frutescens the desalination index (DI) for the 4-28 cm

horizon was 4.5 times that for the 64-125 cm zone.

pH

The pH characteristics (Tables 9, 10, 11) of the freeze-dried
soils are expressed as pr for the samples mixed with water and pHB
for those measured in buffer. When these are combined with pH in situ,
the reaction of the material being exposed to oxidation can be assessed.
The drop in pH from the in situ reading to the pr measurement indi-
cates what would be expected if the substrate were placed higher in
the intertidal zone as the result of dredging or if the soils were
drained. While the pr gives an indication of the intensity of the
acidity, pHB is an indicator of the quantity of hydronium ions present.
In Table 9, for example, the pH of the 64-125 cm horizon in B. frutes-
cens has a pr of 4.1 indicating a low pH probably caused by oxidation
of sulfides. The pHB is 7.5, only half a unit below the original
buffer pH of 8.0 indicating the acid buffering capacity is not great.
This contrasts with the situation in the 0-37 cm horizon of D. spicata

(Table 9) where the pr was 5.0 and the pHB dropped to 6.4 indicating

a high lime requirement to neutralize the oxidation effects.
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Chemical Properties

Extractable Ca was higher than Mg. This is similar to the situa-
tion found by Coultas and Calhoun (1976) in soils in north Florida.
Extractable NHq was almost always several times to an order of magni-
tude more abundant than NO3 refelcting the generally reduced conditions
in these soils. The trend toward more extractable NHL+ with increasing
latitude was particularly evident when the Maine soils were compared
to those in Delaware. In contract, Nog- values were approximately the
same at all latitudes. Generally, total nitrogen decreased with depth,
but this trend was not evident in several of the Georgia soils. The
correlation between total carbon and total nitrogen was high (r = 0.94)

as shown in Figure 9. The slope was significantly different from 0

and the line can be described by the equation Y = 13.16X = 0.64.
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Total N vs. Total C in Marsh Soils from

Georgia, Delaware, and Maine
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PART 1V: RESPONSE OF SALT MARSH PLANT STANDS
TO A PULSE OF AMMONIUM NITRATE

Introduction

Many agricultural and natural ecosystems have been shown to be
limited in productivity by available nitrogen. Valiela and Teal
(1974) measured an increase in plant growth in a Massachusetts Spar-
tina marsh with the addition of nitrogen. Sullivan and Daiber (1974)

found a similar response in a Delaware short form Spartina alterni-

flora marsh. Broome et al. (1973) obtained a similar enhancement in

short form S. alterniflora growth in North Carolina. Near the

southern end of the Atlantic coast where S. alterniflora dominates

the intertidal wetlands, Gallagher (1974) reported a response in the

short form but not in the creekbank S. alterniflora stands nor in an

adjacent Juncus roemerianus marsh. Nitrogen availability seems to be

limiting in some tidal marsh situations and not in others. There is

a need for understanding nutrient regimes in areas where the less abun-
dant plant species grow because of the dredged material disposal prob-
lems faced by the U. S. Army Corps of Engineers. The disposal of

dredged material on S. alterniflora marshes will raise the elevation

so that the plants invading the dredged material or those most likely
to be successful if planted will be the species which normally occupy
only the upper fringes of the marsh.

The investigations reported here were designed to answer the

following questions about the response of various salt marsh species

61



along the Atlantic coast from Georgia to Maine to a pulse of nitrogen
added as NH4N03.
1. Which stands will respond by increasing in chlorophyll con-
centration, nitrogen content, or biomass?
2. Are certain depths of application more effective than others
in affecting the parameters listed in the question above?
3. As indicated by rhodamine dye disappearance, which soils have
the greatest water movement and hence the greatest possibility

of nitrogen leaching?
Methods

Plots were established in 17 plant stands along the coast from
Georgia to Maine from November 1974 to May 1975. The plot design was
a randomized block (4 replicates) where the treatments were nitrogen

as NHMNO mixed with rhodamine WT dye applied below the surface, at

3

0-5 cm, 5-10 cm, 10-15 cm, and 15-30 cm, plus a control. A solution

of NHuNO was prepared such that nitrogen was injected at the rate of

3
200 kg N/ha. 1Injections were made with a 50-ml syringe fitted with a
specially constructed 2-mm inside diameter needle sealed at the end
but with two lateral openings 5 mm behind the tip. Rhodamine WT dye
was added so that 10 ml was added to each 0.10 m2 plot. At least

30 individual injections were made in each plot during the injection
of the volume of 150 ml of solution.

After a period of growth (Table 12), the aerial portions of the

plants were harvested and the fresh and dry weight (at 60°C)
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Table 12

Date of Establishment and Harvest

for Nitrogen Pulse Experiments

Site

Georgia

Delaware

Maine

Species

Borrichia frutescens

Distichlis spicata

Salicornia virginica

Spartina cynosuroides

Spartina patens

Sporobolus virginicus

Distichlis spicata

Juncus gerardi

Salicornia virginica

Spartina patens

Juncus gerardi

Spartina alterniflora

Spartina patens

Establishment Harvest
Mar Jun
Nov, Jan Jun
Jan May
Mar Aug
Mar Jun
Jan, Mar Jun
Sept¥*, Jan Jan, Jun
Sept*, Jan May, Aug
Mar Jun
Mar Aug
May Aug
May Aug
May Aug

* 1974; all other dates 1975.
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determined. Chlorophyll was extracted in acetone (Strickland and
Parsons, 1968), and the concentration of chlorophyll A and B was deter-
mined using the equations of Arnon (1949). Two cores were taken in
each plot to a depth of 35 cm with a piston corer. Both were section-
ed 0-5, 5-10, 10~15, and 13-35 cm, One was washed over a 1-mm sieve
with seawater and the biomass of the underground macro-organic matter
(MOM) determined. The second core was split in half. One half was
freeze-dried and ground to pass a LO-mesh sieve. Total nitrogen was
determined on the aerial plant material, MOM, and the freeze~dried
soil by the Kjeldahl method. Rhodamine was extracted from the other
half of the split core. The core segment was placed in a blender with
200 ml of water and the sample dispersed for 2 minutes. The volume
was brought up to 250 ml. A 15-ml aliquot was removed and spun for

5 minutes in a table-top centrifuge. The rhodamine WT concentration
in the supernate was determined by fluorometry. All statistical

methods are described in Sokal and Rohlf (1969).

Results and Discussion

The results of the rhodamine WT dye studies are shown in Tables
13, 14, 15. These data show that the leachable dye did not move away
from the injection site rapidly in any of the soils. Since the dye is
more likely to move than the inorganic nitrogen, the authors were re-
assured that the nitrogen was not leached before it could be absorbed.
Comparison of the two D. spicata experiments in Georgia (Table 13)

indicates most of the dye was lost from the one established in November
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and harvested in June while much remained when the dye was injected in
January. This difference was probably primarily a function of the
longer period the dye was exposed to leaching in the plots established
in November.

Tables 16, 17, 18 show the results of nutrient enrichment on the
aerial biomass of the plants studied. The only clear enhancement in

Georgia was in Salicornia virginica (¢ = 0.01). 1In Delaware, J.

gerardi responded positively to the nitrogen addition in both experi-
ments (o = 0.05). The S. virginica enrichment also gave positive re-
sults in Delaware. None of the enrichment studies in Maine gave posi-
tive results. The lack of response in Maine was not unexpected in
view of the high ammonium ion levels measured in the soil (Part I11).
Thus, along the coast, biomass produced was limited by the available
nitrogen in only a few instances. Gallagher (1975) earlier found a

response in high marsh S. alterniflora but none in J. roemerianus or

creekbank S. alterniflora.

Some of the plants which had positive biomass responses and
several which did not were tested for nitrogen content to see if added
nutrient would change the quality of detritus entering the estuarine
food web from these plant stands. Table 19 shows the results of these
analyses. The J. gerardi in Delaware which showed a biomass response
to nitrogen also exhibited a nitrogen content response. The S. vir-
ginicus stand in Georgia did not show a response in biomass, but the
nitrogen content of the treated plants was 1.7 that of the control

plants.
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Since at harvest time it was noted that the chlorophyll content
appeared to vary between treatments, the samples were analyzed for
chlorophyll A and B (Tables 20, 21, 22). In Georgia the B. frutescens
treatments were higher than the control, although biomass differences
were not detected. No other statistical differences in chlorophyll
content were noted although visual differences were evident. 1In
Delaware, differences in chlorophyll were statistically significant
only in the D. spicata treatment and no consistent shifts in the A/B
ratio were noted. As with the other parameters measured in the Maine
experiments, no increase in chlorophyll or shift in A/B ratio was
observed.

Nitrogen may be limiting productivity or affecting plant nutrient
quality for grazers or the members of the detrital food web. The evi-
dence from these studies is that this may be true in Georgia for S.

virginica, S. virginicus, and B. frutescens but not for the D. spicata,

S. cynosuroides, or S. patens stands evaluated. Earlier studies indi-

cated a large response in short S. alterniflora, a possible slight

response in creekbank S. alterniflora as evidenced by a change in color

in infrared photographs, and no response in J. roemerianus (Gatlagher,
1975).

The Delaware experiments showed evidence of enhancement in the

J. gerardi, S. virginica, and D. spicata but none in the stands of P.

communis or S. patens. Earlier work by Sullivan and Daiber (1974)

indicated short form S. alterniflora growth could be enhanced by add-

ing nitrogen.
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